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FOREWORD 
The p r i n c i p a l  a im  o f  t h e  f o r m e r  H e a l t h  C a r e  Task a t  IIASA 
was t o  d e v e l o p  a f a m i l y  o f  submodels  o f  n a t i o n a l  h e a l t h  c a r e  
s y s t e m s  f o r  u s e  by  h e a l t h  s e r v i c e  p l a n n e r s .  T h i s  p a p e r ,  w r i t t e n  
a s  a  p a r t  o f  t h a t  r e s e a r c h  a c t i v i t y ,  a p p l i e s  1 9 7 8  a c u t e  g e n e r a l  
h o s p i t a l  d i s c h a r g e  d a t a  f o r  M a s s a c h u s e t t s ,  USA, t o  t h e  Resource  
A l l o c a t i o n  Model Over Space  (RAMOS) . I ts  p u b l i c a t i o n  w a s  d e l a y e d ,  
and it i s  t h e r e f o r e  b e i n g  i s s u e d  a  few months  a f t e r  t h e  d i s s o l u -  
t i o n  o f  t h e  Task and  t h e  Human S e t t l e m e n t s  and  S e r v i c e s  Area. 
Andre i  Rogers  
f o r m e r  Chairman 
o f  t h e  Human S e t t l e m e n t s  
and S e r v i c e s  Area  
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INTRODUCTION 
T h i s  p a p e r  d e s c r i b e s  t h e  u s e  o f  t h e  model RAMOS (Resource  - 
A l l o c a t i o n  - Model - - Over - Space )  w i t h  d a t a  f rom t h e  U n i t e d  S t a t e s ,  
s p e c i f i c a l l y  t h e  1 9 7 8  a c u t e  g e n e r a l  h o s p i t a l  d i s c h a r g e  d a t a  
f rom t h e  S t a t e  o f  M a s s a c h u s e t t s .  The RAMOS model was deve loped  
i n  England and a t  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l i ed  Sys- 
t e m s  A n a l y s i s  ( I IASA) ,  a s  one  o f  a  f a m i l y  o f  models  d e s c r i b i n g  
t h e  d e l i v e r y  o f  i n - p a t i e n t  m e d i c a l  c a r e .  The f i r s t  v e r s i o n s  
o f  t h i s  model w e r e  d e s i g n e d  f o r  med ica l  c a r e  s y s t e m s  t h a t  a r e  
e i t h e r  c e n t r a l l y  o r  r e g i o n a l l y  p l anned  s u c h  a s  i n  E a s t  European 
c o u n t r i e s  and England .  L a t e r  t h e s e  models  were a p p l i e d  t o  
c o u n t r i e s  whose s y s t e m s  a r e  b a s e d  on  n a t i o n a l  i n s u r a n c e  schemes 
( e . g . ,  I t a l y  and C a n a d a ) ,  b u t  have  less s t r i c t  p l a n n i n g  p roce -  
d u r e s .  U n t i l  now, t h i s  model h a s  n o t  been used  w i t h  d a t a  f rom 
t h e  USA, whose m e d i c a l  c a r e  s y s t e m  i s  r e g a r d e d  a s  b e i n g  much 
more marke t  o r i e n t e d  t h a n  any o f  t h e  p r e v i o u s  c o u n t r i e s  examined.  
RAMOS i s  a  t y p e  o f  g r a v i t y  model r e l a t e d  t o  t h e  Newtonian 
p r i n c i p l e  i n  which t h e  a t t r a c t i v e  f o r c e  o f  two b o d i e s  i s  e q u a t e d  
t o  t h e  p r o d u c t  o f  two m a s s e s ,  m u l t i p l i e d  by a  d e t e r r e n c e  f a c t o r  
( e q u a l  t o  t h e  i n v e r s e  o f  t h e  s q u a r e  o f  t h e  d i s t a n c e  between 
t h e m ) ,  and  by a  c o e f f i c i e n t  o f  p r o p o r t i o n a l i t y .  I n  RAMOS t h e  
a t t r a c t i o n  o f  p a t i e n t s  f rom one a r e a  t o  a n o t h e r  i s  h y p o t h e s i z e d  
t o  b e  p r o p o r t i o n a l  t o  t h e  p r o d u c t  o f  t h e  a b i l i t y  o f  a n  o r i g i n  
a r e a  t o  g e n e r a t e  p a t i e n t s  and c a s e l o a d  c a p a c i t y  o f  a  d e s t i n a t i o n  
a r e a ,  and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  c o s t  o f  a c c e s s .  
The RAMOS model ,  and  o t h e r s  i n  t h e  IIASA f a m i l y  o f  mode l s ,  
a s  w e l l  a s  s e v e r a l  a p p l i c a t i o n s ,  a r e  d e s c r i b e d  i n  a  number o f  
p a p e r s . *  The m a t h e m a t i c a l  s t a t e m e n t  p r e s e n t e d  by Mayhew and 
T a k e t  (1980)  f o r  RAMOS o n l y  i s  a s  f o l l o w s :  
where 
= t h e  number o f  p a t i e n t s  f rom o r i g i n  a r e a  i who 
r e c e i v e  c a r e  i n  d e s t i n a t i o n  a r e a  j ,  i n  a  p a r -  
t i c u l a r  s p e c i a l t y  o r  g roup  o f  s p e c i a l t i e s  
D = t h e  c a s e l o a d  c a p a c i t y  o f  d e s t i n a t i o n  j  i n  t h e  
same s p e c i a l t i e s  
W = t h e  p r o p e n s i t y  o f  o r i g i n  i t o  g e n e r a t e  p a t i e n t s  j  i n  t h e s e  s p e c i a l t i e s  ( c a l l e d  t h e  p a t i e n t  gen-  
e r a t i n g  f a c t o r )  
c = t h e  a c c e s s i b i l i t y  c o s t  o f  t r e a t m e n t  f o r  a  p a t i e n t  
i J  f rom o r i g i n  i r e c e i v i n g  t r e a t m e n t  i n  d e s t i n a -  
t i o n  j  
which i s  a  c o n s t r a i n t  a s s u r i n g  t h a t  
*These a r e  p r e d o m i n a t e l y  IIASA working  p a p e r s  o r  r e s e a r c h  
r e p o r t s  t h a t  have  been  produced  by s e v e r a l  " g e n e r a t i o n s "  o f  
i n v e s t i g a t o r s :  Gibbs 1978a ,b ;  Rousseau and Gibbs 1980; 
Aspden and  Rusnak 1980; Hughes 1978;  Hughes and  W i e r z b i c k i  
1980; Mayhew and  T a k e t  1980,  1981; Mayhew and  L e o n a r d i  1981.  
G r a v i t y  models  o f  t h i s  t y p e  a r e  d e s c r i b e d  a s  " a t t r a c t i o n  con- 
s t r a i n e d " ,  o r  i n  t h i s  c a s e  " d e s t i n a t i o n  c o n s t r a i n e d "  because  
t h e  d e s t i n a t i o n  c a p a c i t y  must be  u t i l i z e d ,  b u t  a l l  p a t i e n t s  
w i l l  n o t  n e c e s s a r i l y  be s e e n .  
A s  one  would e x p e c t ,  t h e  d i a g o n a l  o f  t h e  T i j  m a t r i x  i s  
" s t r o n g " ,  t h a t  i s ,  most p e o p l e  r e c e i v e  care i n  t h e  same a r e a  
i n  which t h e y  l i v e .  The p a t i e n t  g e n e r a t i n g  f a c t o r  Wi and t h e  
c a s e l o a d  c a p a c i t y  D a r e  t h e  p r imary  i n d e p e n d e n t  v a r i a b l e s .  j  
T h e i r  p r o d u c t  i s  a n a l o g o u s  t o  t h e  p r o d u c t  o f  t h e  two masses i n  
t h e  Newtonian model ,  and t h e y  a r e  d e t e r m i n e d  from h o s p i t a l  
d i s c h a r g e s  and l o c a l  p o p u l a t i o n  d a t a .  
The d e t e r r e n c e  f u n c t i o n ,  e c i j  , i s  r e l a t e d  t o  t h e  t e n -  
dency o f  a  p a t i e n t  l i v i n g  i n  i t o  be  t r e a t e d  i n  j .  T h i s  func-  
t i o n  c o n t a i n s  t h e  p a r a m e t e r ,  B, which is  e v a l u a t e d  d u r i n g  c a l i -  
b r a t i o n ,  and  c i j ,  a  measure o f  t h e  a c c e s s i b i l i t y  c o s t s  ( e . g . ,  
d i s t a n c e  o r  t r a v e l  t i m e ) .  A s  one might  e x p e c t ,  t h e  d i a g o n a l  o f  
t h e  a c c e s s i b i l i t y  c o s t  m a t r i x ,  and t h e r e f o r e  o f  t h e  d e t e r r e n c e  
f a c t o r ,  i s  u s u a l l y  "weak": t h a t  i s ,  it i s  more c o n v e n i e n t  t o  
o b t a i n  c a r e  i n  t h e  a r e a  where one  l i v e s .  
The p r o p o r t i o n a l i t y  t e r m  B i s  d e s i g n e d  s o  t h a t  c a s e l o a d  j  
c a p a c i t i e s  a r e  f u l l y  u t i l i z e d ,  y e t  n o t  exceeded .  T h i s  seems 
r e a l i s t i c  i n  s i t u a t i o n s  where t h e r e  may be a  queue  o f  p a t i e n t s  
w a i t i n g  f o r  ( e l e c t i v e )  c a r e ,  b u t  it would a p p e a r  t o  d i s q u a l i f y  
t h e  model f o r  a p p l i c a t i o n s  i n  many communit ies  i n  t h e  U n i t e d  
S t a t e s ,  f o r  example ,  when unused c a p a c i t y  o c c u r s .  However, 
t h i s  i s  n o t  n e c e s s a r i l y  t h e  c a s e .  T h i s  c o n s t r a i n t  s imply  
r e q u i r e s  t h a t  t h e  model be  used  w i t h  a  c l i e n t  p o p u l a t i o n  and 
s e t  of  r e s o u r c e s  t h a t  match.  I n  f a c t ,  unde r  some c i r c u m s t a n c e s  
t h i s  p r o p e r t y  o f  t h e  model can  be used  a d v a n t a g e o u s l y ;  once  
c a l i b r a t e d  t h i s  model c a n  be used  t o  d e t e r m i n e  t h e  q u a n t i t y  o f  
f a c i l i t i e s  o f  v a r i o u s  t y p e s  t h a t  a r e  needed f o r  p a r t i c u l a r  
p o p u l a t i o n s .  
RAMOS was d e s i g n e d ,  and h a s  been  u s e d ,  t o  s o l v e  problems 
o f  e v a l u a t i n g  f a c i l i t i e s  l o c a t i o n  and p r e d i c t i n g  p a t i e n t  f lows  
w i t h i n  t h e  framework o f  a  s i n g l e  a l g o r i t h m .  I t  i s  un ique  i n  
t h a t  p r e v i o u s  models have  g e n e r a l l y  focused  on s i n g l e  f a c i l i t i e s  
o r  problems a t  t h e  l o c a l  s c a l e  of  e n q u i r y  r a t h e r  t h a n  o v e r  l a r g e  
a r e a s ,  s u c h  a s  a n  e n t i r e  s t a t e  o r  n a t i o n .  I n  a d d i t i o n ,  e a r l i e r  
models f a i l e d  t o  t a k e  i n t o  a c c o u n t  v a r i a t i o n s  i n  m o r b i d i t y  o r  
t h e  d i s a g g r e g a t i o n  o f  t h e  p o p u l a t i o n  by age  and s e x ,  med ica l  
s p e c i a l t y ,  o r  method o f  payment. These c h a r a c t e r i s t i c s  p e r m i t  
t h e  RAMOS model t o  be used  f o r  p l a n n i n g  f o r  v a r i o u s  s e r v i c e s ,  
f o r  s p e c i f i c  l o c a t i o n s ,  and f o r  p a r t i c u l a r  p o p u l a t i o n s .  
RAMOS was o r i g i n a l l y  i n t e n d e d  f o r  u s e  i n  med ica l  sys tems  
w i t h  a t  l e a s t  some measure o f  c e n t r a l  c o n t r o l .  The model i s  
now used  i n  s e v e r a l  c o u n t r i e s  t o  produce  s c e n a r i o s  based  on 
f u t u r e  p o p u l a t i o n  and r e s o u r c e  a v a i l a b i l i t y  i n  a s s i s t i n g  t h e  
p r o c e s s  o f  a l l o c a t i n g  h o s p i t a l  o p e r a t i n g  funds  by r e g i o n  and 
by a r e a .  
I n  t h e  U n i t e d  S t a t e s  t h e  medica l  sys tem i s  n e i t h e r  c e n t r a l l y  
p lanned  n o r  c e n t r a l l y  funded.  T h i s  d i f f e r e n c e  h a s  a  profound 
e f f e c t  on t h e  way t h e  model might  ( o r  might  n o t )  be used .  A 
b r i e f  d e s c r i p t i o n  of  t h e  Uni t ed  S t a t e s  med ica l  s y s t e m  i s  t h e r e -  
f o r e  h e l p f u l .  There  a r e  t h r e e  i s s u e s  c e n t r a l  t o  t h e  u s e  o f  t h e  
model t h a t  must  be  touched  upon: t h e  methods by which a  p a t i e n t  
chooses  a  h o s p i t a l ,  t h e  s y s t e m  of  payment f o r  h o s p i t a l i z a t i o n ,  
and t h e  s o - c a l l e d  C e r t i f i c a t e  o f  Need Law. 
Except  f o r  emergenc ies ,  most p a t i e n t s  r e c e i v i n g  i n p a t i e n t  
c a r e  i n  h o s p i t a l s  a r e  r e f e r r e d  by t h e i r  l o c a l  d o c t o r ,  who i s  
e i t h e r  on t h e  s t a f f  of  t h a t  h o s p i t a l  o r  h a s  s t a f f  p r i v i l e g e s .  
T h i s  p h y s i c i a n  w i l l  u s u a l l y  be r e s p o n s i b l e  f o r  t h e  i n - h o s p i t a l  
c a r e  h i m s e l f ,  o r  c o n s u l t  w i t h  a  s p e c i a l i s t .  I n  g e n e r a l ,  t h e  
l o c a l  p h y s i c i a n  i s  t h e  dominant  f a c t o r  i n  h o s p i t a l  c h o i c e ,  b u t  
e x c e p t  i n  c e r t a i n  c a s e s *  t h e r e  i s  no compulsion o r  f i n a n c i a l  
advan tage  f o r  t h e  p a t i e n t  t o  go t o  t h e  h o s p i t a l  s e l e c t e d  by h i s  
p h y s i c i a n .  
*Excep t ions  would be  such g roups  a s  v e t e r a n s ,  members o f  t h e  
armed s e r v i c e s  and t h e i r  d e p e n d e n t s ,  and members o f  a  growing 
number o f  h e a l t h  maintenance  o r g a n i z a t i o n s .  
I n  an emergency, however, a  p a t i e n t  goes ( o r  i s  taken)  t o  
t h e  h o s p i t a l  t h a t  i s  c l o s e s t  a t  t h e  t ime.  I f  admission i s  
r equ i r ed  f o r  r e c u p e r a t i o n  o r  t r ea tmen t  t h e  p a t i e n t  may remain 
t h e r e  o r  be t r a n s f e r r e d  nea re r  home, depending on h i s  o r  h e r  
wishes.  
P a t i e n t s  r e q u i r i n g  h igh ly  s p e c i a l i z e d  c a r e  a r e  r e f e r r e d  
t o  t h e  most a p p r o p r i a t e  h o s p i t a l  t h a t  c a t e r s  t o  t h e  p a r t i c u l a r  
i l l n e s s ,  o f t e n  a t  a  cons ide rab le  d i s t a n c e  from home. 
Another except ion  would occur  i f  t h e  p a t i e n t  had a  s t r o n g  
op in ion  f o r  ( o r  a g a i n s t )  a  h o s p i t a l  because of something ( r e a l  
o r  imagined) t h a t  may have happened t o  someone he o r  she  knows. 
The p a t i e n t  might then  ask t h e  doc tor  f o r  r e f e r r a l  somewhere 
e l s e .  This  i s  u s u a l l y  n o t  a  problem wi th  phys i c i ans  who have 
p r i v i l e g e s  a t  s e v e r a l  h o s p i t a l s .  I n  o t h e r  c a s e s ,  t h e  p a t i e n t  
i s  p e r f e c t l y  f r e e  t o  c o n s u l t  another  doc to r  f o r  an e v a l u a t i o n  
f o r  r e f e r r a l ,  w i th  t h e  i d e a  t h a t  t h i s  phys ic ian  w i l l  choose a  
h o s p i t a l  more t o  t h e  l i k i n g  of t h e  p a t i e n t .  
With few excep t ions ,  p a t i e n t s  r e c e i v i n g  c a r e  i n  t h e  United 
S t a t e s  a r e  r e s p o n s i b l e  f o r  t h e i r  own h o s p i t a l  c o s t s .  They a r e  
b i l l e d  f o r  t h i s ,  and t h e  money i s  r e t a i n e d  by t h e  h o s p i t a l  a s  
income, a l though t h e  h o s p i t a l  may a l s o  r e c e i v e  supplementary 
income from endowments, g r a n t s ,  e t c .  Most p a t i e n t s ,  however, 
do no t  pay b i l l s  d i r e c t l y  because they  c a r r y  i n su rance  cover ing  
a l l  ( o r  most o f )  t h e  c o s t s .  Persons who f a l l  below c e r t a i n  
income c r i t e r i a  and those  over  6 5  yea r s  of age a r e  e l i g i b l e  
f o r  medicaid o r  medicare,  a  governmentally funded system of 
medical i n su rance  (whose e l i g i b i l i t y  and b e n e f i t s  vary from 
s t a t e  t o  s t a t e )  . 
Most h o s p i t a l s  a r e  non-prof i t  o r g a n i z a t i o n s ,  and a l though 
they compete w i th  each o t h e r ,  they  do n o t  compete i n  a  f r e e  
market.  The pat ient-customer  of t h e  h o s p i t a l  g e n e r a l l y  does 
n o t  know what f a c i l i t i e s  va r ious  h o s p i t a l s  have,  o r  even what 
f a c i l i t i e s  a r e  r equ i r ed  f o r  t h e  t rea tment  of h i s  o r  h e r  case .  
Consequently, t h e  p a t i e n t  must r e l y  on t h e  advice  of h i s  o r  
h e r  phys ic ian  (who i s  a l s o  a  s u p p l i e r  of s e r v i c e s  t o  t h e  
pat ien t -cus tomer)  . Thus, h o s p i t a l s  compete wi th  each o t h e r  by 
a t t r a c t i n g  a  l a r g e  and ou t s t and ing  s t a f f  of phys i c i ans .  An 
impor tan t  element i n  a t t r a c t i n g  t h i s  s t a f f  i s  t h e  p r o v i s i o n ,  by 
t h e  h o s p i t a l ,  of t h e  f a c i l i t i e s  t h e s e  phys i c i ans  need ( o r  want) 
t o  t r e a t  t h e i r  p a t i e n t s .  
The c o s t  of  p rov id ing  t h e  f a c i l i t i e s  t h a t  phys i c i ans  f i n d  
a t t r a c t i v e  i s  sometimes p a r t i a l l y  subs id i zed  by government 
g r a n t s ,  bu t  i s  mostly p a i d  f o r  by t h e  h o s p i t a l .  The h o s p i t a l  
then  pas ses  t h e  c o s t s  on t o  t h e  p a t i e n t s  on a  f ee - fo r - se rv i ce  
b a s i s .  U n t i l  r e c e n t l y  t h e  only  c o n s t r a i n t s  on t h e  a c q u i s i t i o n  
of f a c i l i t i e s  and equipment was t h e  a v a i l a b i l i t y  of c a p i t a l  and 
t h e  r e l u c t a n c e  of Boards of T rus t ee s  t o  approve expansions they  
f e l t  u n j u s t i f i e d .  A consequence was t h a t  c o s t s  of h o s p i t a l i z a -  
t i o n  inc reased  s o  r a p i d l y  t h a t  t h e r e  was mounting p u b l i c  con- 
c e r n ,  e v e n t u a l l y  r e q u i r i n g  l e g i s l a t i o n  t o  c o n t r o l  t h i s  growth. 
This r e s u l t e d  i n  t h e  c u r r e n t  " C e r t i f i c a t e  of Need" l e g i s l a t i o n ,  
which r e q u i r e s  p rov ide r s  of h e a l t h  and medical  c a r e  t o  s ecu re  
a  C e r t i f i c a t e  of Need be fo re  any s u b s t a n t i a l  i n c r e a s e  i s  made 
i n  f a c i l i t i e s ,  c a p i t a l  equipment, o r  t h e  s e r v i c e s  t h a t  they 
o f f e r .  The S t a t e  of Massachusetts  was one of  t h e  e a r l i e s t  
s t a t e s  t o  e n a c t  such l e g i s l a t i o n ,  and s i m i l a r  l e g i s l a t i o n  was 
l a t e r  passed by Congress. Although under p r e s s u r e  f o r  r e p e a l  
and/or reduced funding from t h e  c u r r e n t  a d m i n i s t r a t i o n ,  it i s  
s t i l l  i n  f o r c e .  
An i n d i v i d u a l  h o s p i t a l  i n  Massachusetts  t h a t  wishes t o  
expand o r  s ecu re  s u b s t a n t i a l  new equipment needs t o  p repare  an 
a p p l i c a t i o n  d e s c r i b i n g  and j u s t i f y i n g  t h e  d e s i r e d  a d d i t i o n .  
This  a p p l i c a t i o n  i s  then  reviewed twice  be fo re  t h e  C e r t i f i c a t e  
of Need i s  i s s u e d  by t h e  S t a t e  Department of Pub l i c  Heal th .  
The f i r s t  review i s  h e l d  a t  t h e l o c a l  l e v e l  by t h e  s t a f f  and 
advisory  board of t h e  l o c a l  h e a l t h  planning agency; t h e  second 
i s  held  a t  t h e  s t a t e  l e v e l  by t h e  s t a f f  and advisory  board of 
t h e  Department of Pub l i c  Heal th ,  wi th  p u b l i c  hea r ings  i n  bo th  
c a s e s .  I f  t h e  d e c i s i o n  i s  n e g a t i v e ,  t h e  h o s p i t a l  may seek remedy 
i n  t h e  c o u r t s  o r  w i th  t h e  s t a t e  l e g i s l a t u r e .  
Given t h i s  o p e r a t i n g  environment, i t  i s  obvious t h a t  t h e  
oppor tun i ty  f o r  d i r e c t  c o n t r o l  of t h e  d e l i v e r y  of h o s p i t a l  
c a r e  i n  t h e  United S t a t e s  i s  l i m i t e d  a s  compared with  o t h e r ,  
more c e n t r a l l y  planned and funded, medical sys tems.  However, 
a  s t rong  i n f l u e n c e  on t h e  f u t u r e  behavior  of t h e  system can be 
exe r t ed  by c o n t r o l  a t  t h e  "margin of growth" through en l igh tened  
management of t h e  i s s u i n g  of C e r t i f i c a t e s  of Need. 
Many i s s u e s  t h a t  a r e  s u b j e c t  t o  approval  under t h e  C e r t i -  
f i c a t e  of Need Law a r e  t hose  t h a t  can be i n v e s t i g a t e d  wi th in  
t h e  RAMOS framework. I n  p a r t i c u l a r ,  we have found t h a t  d e s p i t e  
t h e  many complex i t i es  involved i n  t h e  way p a t i e n t s  seek and 
o b t a i n  medical  t r e a t m e n t ,  t h e  s t r u c t u r e  of t h e  RAMOS model 
permi t s  us t o  d e s c r i b e  and p r e d i c t  t h e  o r i g i n s  and d e s t i n a t i o n s  
of p a t i e n t s .  I n v e s t i g a t i o n s  can then  be c a r r i e d  o u t  f o r  broad 
c a t e g o r i e s  of  f a c i l i t i e s ,  such a s  medica l - surg ica l  beds i n  
Massachuset ts ,  o r  f o r  s p e c i f i c  f a c i l i t i e s  such a s  "burn u n i t s "  
o r  i n t e n s i v e  c a r e  u n i t s .  I n v e s t i g a t i o n s  can encompass broad pop- 
u l a t i o n s  ( e . g . ,  a l l  Massachusetts  r e s i d e n t s ) ,  o r  sub-populat ions  
s t r a t i f i e d  by method of payment, age ,  s ex ,  e t h n i c  o r i g i n ,  e t c .  
(provided t h e  d a t a  a r e  a v a i l a b l e )  . 
The r e s u l t s  of t h e s e  ana lyses  can be provided a s  another  
i n p u t  t o  t h e  p o l i t i c a l  p roces s .  The r e s u l t s  could be p laced  
on record  a t  p u b l i c  hea r ings  through t h e  t e s t i m o n i e s  of inde- 
pendent a n a l y s t s ,  o r  t h e s e  r e s u l t s  could be used d i r e c t l y  by 
va r ious  groups wi th in  t h e  system. A h o s p i t a l  cou ld ,  f o r  example, 
use t h e  r e s u l t s  of t h i s  s o r t  of a n a l y s i s  a s  evidence of a  need 
f o r  expansion,  t h e  s t a f f  of l o c a l  h e a l t h  system agenc ies  could 
use t h e s e  r e s u l t s  t o  compare submissions from d i f f e r e n t  hos- 
p i t a l s ,  o r  t h e  S t a t e  Department of Publ ic  Heal th  could use 
t h e  r e s u l t s  from t h e s e  models t o  examine t h e  i m p l i c a t i o n s  of 
va r ious  changes i n  p u b l i c  p o l i c y .  
2 .  OBJECTIVE 
The even tua l  o b j e c t i v e  of t h i s  l i n e  of r e s e a r c h  i s  t h e  
development of models d e s c r i b i n g  t h e  d e l i v e r y  of h e a l t h  c a r e  
t h a t  a r e  c o n s i s t e n t  w i th  t h e  c u r r e n t  system i n  t h e  United S t a t e s ,  
and a r e  based t o  t h e  e x t e n t  p o s s i b l e  on t h e  e x i s t i n g  family  of 
I I A S A  h e a l t h  c a r e  models. This  development p rocess  w i l l  fo l low 
t h e  c l a s s i c a l  procedures  of model development: 
a )  c o n s t r u c t i o n  ( o r  a d a p t a t i o n )  of t h e  model 
b )  c a l i b r a t i o n  
C )  v a l i d a t i o n  
d )  a p p l i c a t i o n  
The purpose of t h e  fol lowing s e c t i o n s  i s  t o  p rov ide  a  
d e t a i l e d  record  of t h e  f i r s t  s t e p  i n  t h i s  process-the adapta-  
t i o n  and c a l i b r a t i o n  of t h e  RAMOS model-and t o  sugges t  l i n e s  
of  f u t u r e  r e s e a r c h .  The va r ious  methods of c a l i b r a t i n g  RAMOS 
a r e  desc r ibed  e lsewhere  (Mayhew and Taket 1980) ;  f o r  convenience,  
however, they  a r e  p re sen ted  b r i e f l y  below. This  d e s c r i p t i o n  i s  
followed by a  d i s c u s s i o n  of t h e  v a r i a b l e s  used by t h e  model and 
how t h e  d a t a  were ob ta ined  i n  Massachuset ts .  The r e s u l t s  of 
t h e  c a l i b r a t i o n s  a r e  t hen  given.  
3 .  METHODOLOGY 
The two methods used f o r  c a l i b r a t i o n  a r e  those  desc r ibed  
by Mayhew and Taket (1980) .  Each uses a  d i f f e r e n t  c r i t e r i o n  
f o r  t h e  s e l e c t i o n  of t h e  " b e s t "  va lue  f o r  B ,  t h e  model param- 
e t e r .  The f i r s t  i s  by s l o p e  c a l i b r a t i o n ,  and t h e  second uses  
maximum l i k e l i h o o d .  
The c r i t e r i o n  f o r  t h e  b e s t  s o l u t i o n  using t h e  s lope  c a l i -  
b r a t i o n  method i s  ob ta ined  from a  r e g r e s s i o n  of t h e  p r e d i c t e d  
a g a i n s t  t h e  o b s e r v e d  va lues  of T i j ;  when t h e  va lue  of  t h e  s l o p e  
of t h i s  r e g r e s s i o n  equa l s  one and t h e  i n t e r c e p t  i s  ze ro ,  it 
i s  c l e a r  t h a t  p r e d i c t e d  and observed flows a r e  (on t h e  average)  
t h e  same, and t h e  model i s  c a l i b r a t e d .  The method uses  an 
i t e r a t i v e  procedure based on s y s t e m a t i c a l l y  increment ing B and 
e s t i m a t i n g  t h e  r e g r e s s i o n  c o e f f i c i e n t s  u n t i l  t h e  r e s u l t s  come 
a s  c l o s e  a s  p o s s i b l e  t o  t h e  p r e s c r i b e d  c o n d i t i o n s .  A measure 
of goodnes s -o f - f i t  may be ob t a ined  by c o r r e l a t i n g  t h e  p r e d i c t e d  
and o b s e r v e d  p a t i e n t  f low e lements .  However, it i s  t h e  squa re  
of  t h e  c o r r e l a t i o n  c o e f f i c i e n t ,  t h e  "p ropo r t i on  of  exp l a ined  
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v a r i a n c e "  (by t h e  r e g r e s s i o n )  and symbolized by R , t h a t  i s  
u s u a l l y  r e p o r t e d .  I n c i d e n t a l l y ,  an examinat ion o f  t h e  a c t u a l  
p l o t  of t h e s e  p a i r s  of va lue s  i s  u s e f u l  because  p o i n t s  c l o s e  t o  
t h e  r e g r e s s i o n  l i n e ,  a s  w e l l  a s  t h e  o u t l i e r s ,  can be  i d e n t i f i e d .  
From t h i s  r e s u l t  it i s  b u t  a  s h o r t  s t e p  t o  c o n s i d e r  a  
c a l i b r a t i o n  p rocedure  based on m a x i m i z i n g  R~ i t s e l f .  Th is  
approach i s  t h e o r e t i c a l l y  a t t r a c t i v e  and a  s u i t a b l e  t e chn ique  
was developed and t e s t e d  by Mayhew and Taket  ( 1 9 8 0 ) .  They found,  
2 however, t h a t  R was r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  parameter  6 
when very  c l o s e  t o  1 . 0 ,  i t s  t h e o r e t i c a l  maximum, t h u s  making it 
u n s u i t a b l e .  
The maximum l i k e l i h o o d  c a l i b r a t i o n  method has  a  d i f f e r e n t  
b a s i s  and r e q u i r e s  a n o t h e r  procedure .  Mayhew and Taket  ( 1 9 8 0 ) ,  
u s ing  t h e  work of Ba t ty  and Mackie ( 1 9 7 2 ) ,  no ted  t h a t ,  i f  t h e  
d e t e r r e n c e  f u n c t i o n  i s  based on t h e  n e g a t i v e  e x p o n e n t i a l  (see 
e q u a t i o n  I ) ,  p r e d i c t e d  f lows  a r e  most l i k e l y  t o  be c o r r e c t  when 
t h e  p r e d i c t e d  mean t r a v e l  c o s t  e q u a l s  t h e  o b s e r v e d  mean t r a v e l  
c o s t .  I n  t h i s  c a s e ,  t h e  observed mean t r a v e l  c o s t  i s  f i r s t  
c a l c u l a t e d  from t h e  t r a v e l  d i s t a n c e  m a t r i x  and t h e  observed 
p a t i e n t  f lows.  An i t e r a t i o n  p rocedure  is  t h e n  u sed ,  which 
s y s t e m a t i c a l l y  v a r i e s  t h e  va lue  of  B u n t i l  t h e  t r a v e l  c o s t  
ave rages  t o  t h e  d e s i r e d  va lue .  The b e s t  v a l u e  of  B i s  t h e  one 
t h a t  produces  a  match between t h e  c r i t e r i o n  v a l u e  of  t h e  observed 
average  and t h e  p r e d i c t e d  average  ( t o  w i t h i n  t h e  d e s i r e d  t o l e r -  
ance)  . 
Although m o d i f i c a t i o n s  can be made t o  accommodate o t h e r  
forms of  d e t e r r e n c e  f u n c t i o n s ,  Mayhew and Taket  (1980) found 
t h i s  unnecessary  i n  t h e  c a s e  t h e y  examined. I t  was found,  
however, t h a t  t h e  maximum l i k e l i h o o d  method of  de te rmin ing  B 
was s e n s i t i v e  bo th  t o  t h e  number o f  zones over  which t h e  c a l i -  
b r a t i o n  took p l a c e  and t o  how and where t h e  c e n t r o i d s  of t h e s e  
zones w e r e  l o c a t e d ,  which i s  a  d i s advan t age .  On t h e  o t h e r  hand,  
t h e y  n o t e d  t h a t  t h i s  method was c a p a b l e  o f  v e r y  r a p i d  conver-  
gence .  They concluded t h e r e f o r e ,  t h a t  t h e  maximum l i k e l i h o o d  
method i s  v e r y  u s e f u l  f o r  producing i n i t i a l  e s t i m a t e s  f o r  0 i n  
t h e  e a r l y  s t a g e s  o f  development ,  a f t e r  which t h e y  recommend t h e  
use  of  t h e  s l o p e  c a l i b r a t i o n  p rocedure  t o  o b t a i n  a  f i n a l  e s t i m a t e .  
Although b o t h  c a l i b r a t i o n  methods u s e  d i f f e r e n t  c r i t e r i a  
and p r o c e d u r e s ,  t h e y  a r e  s i m i l a r  w i t h  r e s p e c t  t o  t h e i r  d a t a  
r e q u i r e m e n t s .  Both r e q u i r e  t h a t  c o n s i s t e n t  o b s e r v a t i o n s  b e  
made on t h e  dependent  and independent  v a r i a b l e s  i n  o r d e r  t o  
d e t e r m i n e  t h e  p a r a m e t e r ,  0 .  
The d a t a  needed f o r  c a l i b r a t i o n  can be  d e s c r i b e d  i n  t e r m s  
o f  t h e  model a s  f o l l o w s :  
1 .  t h e  obse rved  p a t i e n t  f low T i j  which i s  t h e  number 
of  p a t i e n t s  from o r i g i n  i,  who a c t u a l l y  o b t a i n  c a r e  
i n  d e s t i n a t i o n  j .  (Note t h a t  t h i s  becomes t h e  depen- 
d e n t  v a r i a b l e  i n  p r e d i c t i o n  r u n s ;  f o r  c a l i b r a t i o n  
it i s  an independen t  v a r i a b l e ,  t h e r e f o r e ,  a  b a r  i s  
added t o  d i s t i n g u i s h  t h e  o b s e r v a t i o n a l  d a t a  from 
t h e  p r e d i c t i o n s  when it i s  t h e  dependent  v a r i a b l e . )  
2 .  t h e  p a t i e n t  g e n e r a t i n g  f a c t o r  W which i s  t h e  pro-  i ' 
p e n s i t y  o f  each  o r i g i n  a r e a  t o  g e n e r a t e  p a t i e n t s  
who r e c e i v e  c a r e .  Th i s  i s  c a l c u l a t e d  u s i n g  age- and 
s e x - s p e c i f i c  d a t a  on m o r b i d i t y  and p o p u l a t i o n .  The 
s t a t e - w i d e  a v e r a g e  numbers o f  p a t i e n t s  i n  v a r i o u s  
s p e c i a l t i e s  ( t a k e n  from h o s p i t a l  d i s c h a r g e  d a t a )  
a r e  used  t o  produce  a  weighted  a v e r a g e  demand f o r  
each  o r i g i n  zone based  on l o c a l  p o p u l a t i o n  charac -  
t e r i s t i c s .  The more d e t a i l e d  t h e  m o r b i d i t y  d a t a  
( i . e . ,  d i s a g g r e g a t e d  by a g e ,  s e x ,  and l o c a t i o n ) ,  
t h e  more a c c u r a t e  t h e  r e s u l t .  
3 .  t h e  c a s e l o a d  c a p a c i t y  D which i s  t h e  number o f  j ' 
p a t i e n t s  t r e a t e d  i n  each d e s t i n a t i o n  a r e a  i n  a  pa r -  
t i c u l a r  s e t  of  c l i n i c a l  s p e c i a l t i e s .  S ince  t h e  
s t r u c t u r e  o f  t h e  model does  n o t  pe rmi t  unused o r  
e x c e s s i v e  c a p a c i t y ,  c a r e f u l  i n t e r p r e t a t i o n  o f  t h i s  
v a r i a b l e  i s  n e c e s s a r y ,  p a r t i c u l a r l y  f o r  d i saggrega-  
t i o n  purposes  ( s e e  a l s o  t h e  subsequen t ,  d i s a g g r e g a t e d  
models,  DRAMOS (Mayhew 198  1 ) ) . 
4 .  t h e  a c c e s s i b i l i t y  c o s t  of  t r e a t m e n t  c i j ,  which r ep re -  
s e n t s  t h e  r e l a t i v e  c o s t  t o  p a t i e n t s  l i v i n g  i n  a r e a  
i and r e c e i v i n g  c a r e  i n  a r e a  j .  For c u r r e n t  pur-  
p o se s ,  no account  was t a k e n  of  p o s s i b l e  d i f f e r e n c e s  
i n  t r e a t m e n t  c o s t s  between d e s t i n a t i o n s ,  on ly  t r a v e l  
c o s t s .  (Mileage ,  t i m e ,  and o p p o r t u n i t y  c o s t s  were 
c o n s i d e r e d . )  I f  d a t a  on d i f f e r e n c e s  i n  c o s t s  f o r  
s i m i l a r  t r e a t m e n t  i n  d i f f e r e n t  l o c a t i o n s  a r e  a v a i l -  
a b l e ,  t h e y  can be i nc luded  i f  d e s i r e d ,  a l t hough  more 
p r i o r  d a t a  a n a l y s i s  would be r e q u i r e d .  The s e c t i o n  
on r e s u l t s  w i l l  show t h a t  t h e  c a l i b r a t i o n  o f  t h e  
model is  v e r y  s e n s i t i v e  t o  t h e  a c c e s s i b i l i t y  c o s t ,  
f o r  t h i s  r e a so n  it w i l l  be  d i s c u s s e d  l a t e r  i n  more 
d e t a i l .  
The d e t a i l  a v a i l a b l e  on t h e  o r i g i n s  and d e s t i n a t i o n s  o f  
t h e  p a t i e n t s ,  p l u s  t h e  f a c t  t h a t  t h e  model does  n o t  r e q u i r e  
t h a t  t h e  boundar ies  o f  t h e  o r i g i n  and d e s t i n a t i o n  zones be t h e  
same, h a s  made it p o s s i b l e  t o  c o n s i d e r  s e v e r a l  a l t e r n a t i v e s  f o r  
z o n a l  d e f i n i t i o n .  I t  was dec ided  t o  u se  h e a l t h  s e r v i c e  a r e a  
(HSA) s u b - a r ea s ,  a l t h o u g h  o t h e r  c a t e g o r i z a t i o n s  ( e . g . ,  towns, 
c o u n t r i e s ,  e t c . )  w i l l  be used f o r  s e n s i t i v i t y  s t u d i e s  i n  t h e  
f u t u r e .  HSA sub-a reas  seemed an  a p p r o p r i a t e  p l a c e  t o  s t a r t  
s i n c e  t hey  were a l r e a d y  used f o r  h e a l t h  p l ann ing .  
4. DATA 
There are six HSAs in Massachusetts broken down into 23 
sub-areas. These areshown on a map of Massachusetts in Figure 1 ,  
and information about these sub-areas is presented in Table 1 .  
Each HSA contains between 8 and 50 hospitals, and each sub-area 
contains from 2 to 2 5  hospitals. The populations of the HSAs 
range from about 490 thousand to 2 . 1  million, and the popula- 
tions of the sub-areas range from about 110,000 to just over 
700,000. In the densely populated eastern portion of the s-tate 
the population is made up of sub-areas containing as few as 3 or 
4 towns; in the western portion one sub-area needed as many as 
43 towns to reach this population level. 
The hospitalization data used for this calibration were 
taken from the records of patients who were discharged in the 
calendar year 1978 from 1 2 2  licensed, short-stay hospitals in 
Massachusetts. The hospitals in Massachusetts not included were 
33 chronic care and rehabilitation hospitals, 31 psychiatric 
hospitals, 2 hospitals for the mentally retarded, 3 "long stay" 
specialty hospitals (burns, orthopedic, etc.), 1 army hospital, 
1 US public health hospital, and 1  acute general hospital in 
HSA 6 (sub-region 3) for which data were not available. 
The 1978 patient discharge data from Massachusetts are 
highly regarded by the medical and health professionals for 
consistency and accuracy. The published data from the year 
1979 are not internally consistent for technical reasons, and 
therefore could not be used. The 1980 data, which have just 
been put in final form, are highly regarded but were unavail- 
able at the time this paper was written. 
The patient discharge data were disaggregated in the fol- 
lowing ways: 
1. by the hospital of discharge 
2 .  by the home address (town) of the patient 
3. by the category of the primary mode of care received 
by the patient. Such categories were defined as: 

T a b l e  1 .  D e s c r i p t i o n  o f  h e a l t h  se rv ice  areas  a n d  sub-areas .  
Heal th  s e r v i c e  Number o f  
a r e a  and sub- h o s p i t a l s  i n  Popula t ion  
a r e a s  Number of towns c a l i b r a t i o n *  (1978 e a t )  
REGION I 
1.1 B e r k s h i r e  3 3 16 
1 . 2  Northern Val ley  4 3 
1 . 3  Sou thern  Val ley  26 
REGION I1 
2.1  North Worcester  2 5 
2.2 C e n t r a l  Worcester  8 
2.3 South Worcester  29 
REGION I11 8 
3.1 Lowell-Tewksbury 8 
3.2 Lawrence-Andover 4 
3 .3  G r e a t e r  Newbury 11 
REGION I V  
4 .1  C e n t r a l  Metro 4 
4 .2  Northwest Metro 2 1 
4.3 West Metro 20 
4.4 Southwest Metro 11 
4.5 South Metro 10 
REGION V 
5 . 1  A t t l e b o r o  14 
5.2 Brockton-Plymouth 20 
5.3 F a l l  R i v e r  1 2  
5.4 Cape Cod 23 
REGION V I  
6.1 Cape Ann 9 
6.2 Danvers-Salern 5 
6.3 G r e a t e r  Lynn 5 
6.4 E a s t e r n  Middlesex 5 
6 . 5  T r i - C i t i e s  3 
OUT-OF-STATE ( 0 s  ) 
0s-1 New Hampshire ( N H )  
05-2 Rhode I s l a n d  ( R I )  
05-3 Connec t icu t  (CT) 
0s-4 Vermont (VT) 
0.5-5 New York ( N Y )  
* 
Three h o s p i t a l s  have c l o s e d  s i n c e  t h i s  o r i g i n  s t u d y  was made and 
s e v e r a l  have merged. 
a )  a l l  p a t i e n t s  ( a  t o t a l  of t h e  f o l l o w i n g  c a t e g o r i e s )  
b )  m e d i c a l - s u r g i c a l  p a t i e n t s  
c )  o b s t e t r i c a l  p a t i e n t s  ( i n - p a t i e n t  a b o r t i o n s  and 
g y n a e c o l o g i c a l  p a t i e n t s  w e r e  coun ted  a s  medica l -  
s u r g i c a l  p a t i e n t s )  
d )  p e d i a t r i c  p a t i e n t s  
e)  p s y c h i a t r i c  p a t i e n t s  d i s c h a r g e d  from a c u t e  g e n e r a l  
h o s p i t a l s  
These c a t e g o r i e s  a r e  a r b i t r a r y  and a r e  an  a r t i f a c t  o f  a v a i l a b l e  
d a t a .  F u r t h e r  a g g r e g a t i o n  o r  d i s a g g r e g a t i o n  i s  p o s s i b l e  a s  
i n t e r e s t  w a r r a n t s  and d a t a  becomes a v a i l a b l e .  T h i s  i s s u e  o f  
c a t e g o r i z a t i o n  a l s o  a r i s e s  i n  t h e  d i s c u s s i o n  o f  t h e  RAMOS model 
i n  t h e  s e c t i o n  o f  t h i s  p a p e r  on f u t u r e  r e s e a r c h .  
Two v a l u e s  were used f o r  t h e  a c c e s s i b i l i t y  c o s t  i n  t h e  
c a l i b r a t i o n :  f i r s t ,  t h e  a c t u a l  road  m i l e a g e ,  and second ,  an  
" a d j u s t e d "  m i l e a g e ,  which a t t e m p t s  t o  t a k e  i n t o  a c c o u n t  d r i v i n g  
t i m e  and d i f f i c u l t y .  The a d j u s t e d  m i l e a g e s  w e r e  o b t a i n e d  by 
i n c r e a s i n g  t h e  a c t u a l  road  mi leage  v a l u e s  i n  t h e  urban a r e a s  
t o  a c c o u n t  f o r  t h e  f a c t  t h a t  one  m i l e  o f  d r i v i n g  i s  more d i f f i -  
c u l t  and t ime  consuming i n  t h e  c i t y  t h a n  i n  r u r a l  a r e a s .  
A m i l e a g e  c h a r t  used  by t r u c k i n g  companies p rov ided  
e s t i m a t e s  o f  t h e  a c t u a l  road  m i l e a g e s  between t h e  towns t h a t  
a r e  t h e  c e n t r o i d s  o f  p o p u l a t i o n  and c e n t r o i d s  o f  i n - p a t i e n t  
c a r e .  Where t h e s e  c e n t r o i d s  a r e  i n  t h e  same town, t h e  t r a v e l  
d i s t a n c e  i s  less t h a n  would o t h e r w i s e  b e  t h e  c a s e ,  b u t  it i s  
n o t  z e r o ;  i - e . ,  even i f  t h e  c e n t r o i d s  a r e  e x a c t l y  c o i n c i d e n t ,  
one  p e r s o n  t r a v e l i n g  5 m i l e s  n o r t h  would n o t  be  " c a n c e l l e d "  by 
a n o t h e r  p a t i e n t  t r a v e l i n g  5 m i l e s  s o u t h .  T h e r e f o r e ,  m i l e a g e s  
f o r  t h e  a c c e s s i b i l i t y  c o s t  i n  t h i s  c a s e  w e r e  c a l c u l a t e d  somewhat 
d i f f e r e n t l y :  t h e  a r e a  of  t h e  town was d i v i d e d  by t h e  number of  
h o s p i t a l s ,  p roduc ing  a n  "average  a r e a  s e r v e d "  by each  h o s p i t a l .  
T h i s  a r e a  was t h e n  assumed t o  be round,  and i t s  r a d i u s  was 
c a l c u l a t e d .  Two-thirds of  t h i s  r a d i u s  was t a k e n  a s  t h e  a v e r a g e  
f o r  t h e  " a c t u a l  road  mi leage"  t r a v e l e d  by t h e s e  p a t i e n t s .  
The immediately adjacent 5 states are the origin of approx- 
imately 50,000 out-of-state patients who are treated annually 
in Massachusetts hospitals. Road mileage estimates for these 
patients were based on their actual numbers and residence of 
record at the time of discharge. 
The adjusted mileages were obtained from the actual road 
mileages. The values for actual mileages in and around Boston, 
Worcester, and Springfield were increased from one (Springfield) 
to nine (Central Boston) units. The adjustment was based on a 
judgment of the relative increased driving time and the general 
physical inaccessibility of these locations; rivers (and bridges), 
and interstate highways (and their access). 
Twelve of the 322 origin-destination pairs in the accessi- 
bility cost matrix were adjusted, and the average distance 
traveled by in-state patients was thereby increased from 7.583 
a c t u a l  miles to 9.581 a d j u s t e d  miles. Although the adjustment 
was applied to only 4 percent of the origin-destination pairs, 
it increased the average distance the patients traveled by 
almost 21 percent. This percentage increase is large because 
of the very large number of urban patients who had their access 
distance adjusted upward. 
5. DISCUSSION OF RESULTS 
Three sets of results are presented and discussed in this 
section; the first set, and by far the most important, is the 
calibration results for the RAMOS model. They show both the 
slope calibration and maximum likelihood methods using actual 
road mileages and adjusted mileages. Since Boston is a nationally 
known referral center, it is also useful to compare the calibra- 
tion obtained for all patients who receive care in Massachusetts 
to a calibration that is limited to Massachusetts residents 
only. 
A substantial difference was obtained between the first 
and second set of results, i.e., the calibration using the 
a c t u a l  road mileages  and t h e  c a l i b r a t i o n  us ing  a d j u s t e d  mileages .  
This d i f f e r e n c e  was one of t h e  most i n t e r e s t i n g  r e s u l t s  ob ta ined  
and i s  d i scussed  f u r t h e r  i n  t h e  s e c t i o n  on a c c e s s i b i l i t y  c o s t s .  
The t h i r d  s e t  of r e s u l t s  a r e  u n r e l a t e d  t o  t h e  c a l i b r a t i o n  
of RAMOS. They a r e  based on RAMos-I ( N O S  i n v e r s e )  , a  model 
v a r i a n t  developed with  t h e  s t r a t e g i c  planning of h e a l t h  c a r e  
s e r v i c e s  i n  mind (Mayhew 1980) .  
5.1 FWYOS C a l i b r a t i o n  
The r e s u l t s  of t h e  c a l i b r a t i o n  of RAMOS us ing  1978 Massa- 
c h u s e t t s  h o s p i t a l  d i s cha rge  d a t a  a r e  shown i n  Tables 2  and 3. 
Table 2  p r e s e n t s  in format ion  f o r  a l l  p a t i e n t s  t r e a t e d  i n  Massa- 
c h u s e t t s ,  and Table 3 i s  l i m i t e d  t o  p a t i e n t s  whose home address  
i s  i n  Massachuset ts  a t  t h e  t ime of d i scha rge .  The d a t a  base  f o r  
t h e s e  two t a b l e s  d i f f e r  by about 50,000 d i scha rges .  Each of 
t h e s e  t a b l e s  p r e s e n t s  d a t a  s e p a r a t e l y  f o r  fou r  c a t e g o r i e s  of 
c a r e :  med ica l - su rg i ca l ,  o b s t e t r i c ,  p e d i a t r i c ,  p s y c h i a t r i c ,  
and t h e  t o t a l  of  a l l  p a t i e n t s  i n  t h e s e  c a t e g o r i e s .  
These t a b l e s  show f i r s t ,  t h e  numbers of d i s cha rges  a v a i l -  
a b l e  f o r  t h e  d a t a  base  f o r  each ca tegory ;  second,  t h e  va lue  
ob ta ined  f o r  t h e  parameter B from t h e  c a l i b r a t i o n ;  and f i n a l l y ,  
2  a  measure of t h e  goodness -of - f i t ,  R  . Since  t h e  maximum l i k e l i -  
hood c a l i b r a t i o n  uses  average mileage ( o r  a d j u s t e d  mileage)  
t r a v e l e d  by p a t i e n t s  a s  t h e  c r i t e r i o n  f o r  t h e  c a l i b r a t i o n ,  t h e s e  
va lues  a r e  a l s o  inc luded  i n  t h e  t a b l e s .  
A comparison of t h e  r e s u l t s  us ing a c t u a l  road mileage t o  
t h o s e  us ing  a d j u s t e d  mileage is  shown i n  bo th  t a b l e s .  They show 
t h a t  r e l a t i v e l y  smal l  changes i n  mileages ( a n  adjustment  of 
on ly  1 2  of  3 2 2  p a i r s  of mileage va lues )  has  a  s i g n i f i c a n t  e f f e c t  
2  on t h e  goodness -of - f i t  s t a t i s t i c ,  R  . Figures  2  and 3 d i s p l a y  
t h i s  r e s u l t  g r a p h i c a l l y  f o r  one example ( s l o p e  c a l i b r a t i o n  f o r  
medica l - surg ica l ,  i n - s t a t e  p a t i e n t s ) .  A comparison of F igures  
2  and 3 shows t h e  d i f f e r e n c e  i n  va lues  of R~ a s  a  d i f f e r e n c e  
i n  t h e  grouping of  t h e  p o i n t s  around t h e  " i d e a l "  r e g r e s s i o n  
l i n e .  P a r t i c u l a r  a t t e n t i o n  i s  c a l l e d  t o  t h e  p o i n t  f o r  "Cent ra l  
T a b l e  2 .  C a l i b r a t i o n  o f  RAMOS u s i n g  1 9 7 8  i n - p a t i e n t  d i s c h a r g e  d a t a  f rom M a s s a c h u s e t t s  
f o r  a l l  p a t i e n t s  t r e a t e d  i n  t h a t  s t a t e .  
SLOPE CALIBRATION MAXIMUM LIKELIHOOD CALIBRATION 
Ac tua l  miles Adjus ted  m i l e s  A c t u a l  miles Adjus ted  m i l e s  
Number o f  Average m i l e a g e  propor-  Propor-  Propor-  Propor-  
p a t i e n t  t r a v e l e d  by t i o n  o f  t i o n  o f  t i o n  o f  t i o n  o f  
Ca tegory  d i s c h a r g e s  pa ti e n t  C a l i b r a -  e x p l a i n e d  C a l i b r a -  e x p l a i n e d  C a l i b r a -  exp la ined  C a l i b r a -  e x p l a i n e d  
o f  p a t i e n t  i n  d a t a  Ac tua l  'Adjusted t i o n  coe f  v a r i a n c e  t i o n  coe f  v a r i  nce  t i o n  coef  v a r i a n c e  t i o n  coe f  v a r i  n c e  
c a r e  b a s e  m i l e s  m i l e s  6 R2 6 R 6 R2 6 R 9 
T o t a l  851760 10.024 11.984 .1600 .8407 .2 300 .9531 .11749 .8577 .13900 .a585 I ( a l l  - 
p a t i e n t s )  03 
I 
Medical? 650942 10.151 12.150 .1600 .I3395 .2300 .9510 .11505 .7998 .13613 .a510 
s u r g i c a l  
O b s t e t r i c -  88192 8.484 10.297 .1900 .8920 .2700 .9489 .14082 -8588 .16368 .a956 
m a t e r n i t y  
P e d i a t r i c  84391 10.868 12.695 .1500 .7678 -2  100 .9190 .11116 .7245 .13309 .El38 
P s y c h i a t r i c  20182 9.035 10.906 .1900 .86 35 .2500 .9578 .13924 .a664 .I6412 .a851 
T a b l e  3 .  C a l i b r a t i o n  o f  RAMOS u s i n g  1978  i n - p a t i e n t  d i s c h a r g e  d a t a  from M a s s a c h u s e t t s  
f o r  i n - s t a t e  p a t i e n t s  o n l y .  a 
SLOPE CALIBRATION M A X I M U M  LIKELIHOOD CALIBRATION 
Actual  m i l e s  Adjusted m i l e s  Actual  m i l e s  Adjusted m i l e s  
Number o f  Average mileage Propor-  Propor- Propor-  Propor- 
p a t i e n t  t r a v e l e d  by t i o n  of t i o n  of t i o n  o f  t i o n  of 
Category  d i s c h a r g e s  p a t i e n t  C a l i b r a -  exp la ined  Ca l ib ra -  exp la ined  C a l i b r a -  exp la ined  Ca l ib ra -  exp la ined  
o f  p a t i e n t  i n  d a t a  Actual  Adjus ted  t i o n  coe f  v a r i a n c e  t i o n  coef v a r i  nce t i o n  coef  v a r i a n c e  t i o n  coef  v a r i  nce  
c a r e  base  m i l e s  m i l e s  B Ft2 B R B R~ B R 9 9 
T o t a l  817892 7.553 9.581 .1600 -8524 .2 300 .9559 .13316 .83R5 .17450 .9202 
( a l l  
p a t i e n t s )  
Medical- 632183 7.490 9.561 .1600 .8503 .2 300 .9539 .13321 -8386 .17583 .9186 
s u r g i c a l  
O b s t e t r i c -  85249 7.343 9.202 .1900 .8988 .2700 .9501 .14337 -8769 .17577 -9130 
m a t e r n i t y  
P e d i a t r i c  80757 8.256 10.152 .1500 .7856 .2100 -9245 .7689 .16478 .I3868 .12432 
P s y c h i a t r i c  19650 7.544 9.458 .1900 .€I757 .2 500 .9609 .13380 .8427 -17145 .9170 
a I n - s t a t e  p a t i e n t s  a r e  p a t i e n t s  who a r e  t r e a t e d  i n  Massachuset t s  having an a d d r e s s  i n  Massachuset t s  a t  t h e  t i m e  of  d i s c h a r g e .  
21447.6 42895.1 64342.7 85790.2 107237 
PREDICTED TRIPS (FREQUENCY) 
F i g u r e  2 .  Comparison o f  p r e d i c t e d  and a c t u a l  p a t i e n t  f low 
m a t r i x .  
(The a c t u a l  number of  p a t i e n t s  from o r i g i n  i who 
a r e  t r e a t e d  i n  d e s t i n a t i o n  j compared w i t h  t h e  
p r e d i c t e d  number [ 2 3  x 2 8 1 .  M e d i c a l - s u r g i c a l  
d i s c h a r g e s ,  M a s s a c h u s e t t s ,  1 9 7 8  d a t a ,  r o a d  mi leage  
used  f o r  a c c e s s i b i l i t y  c o s t . )  
16138.9 32277.9 48416.8 64555.7 80694.6 
PREDICTED TRIPS (FREQUENCY) 
F i g u r e  3 .  Comparison o f  p r e d i c t e d  and a c u t a l  p a t i e n t  f low 
m a t r i x .  
(The a c t u a l  number o f  p a t i e n t s  from o r i g i n  i who 
a r e  t r e a t e d  i n  d e s t i n a t i o n  j  compared w i t h  t h e  
p r e d i c t e d  number [23 x 28 m a t r i c e s ] .  Medica l -  
s u r g i c a l  d i s c h a r g e s ,  M a s s a c h u s e t t s ,  1978 d a t a ,  
r o a d  m i l e a g e  a d j u s t e d  f o r  t r a v e l  t i m e  u s e d  f o r  
a c c e s s i b i l i t y  c o s t . )  
Metro" ,  t h e  s u b - a r e a  encompass ing  c e n t r a l  Bos ton  ( c i r c l e d  and  
marked w i t h  a n  a r r o w  on  t h e s e  two f i g u r e s ) .  A s  e x p e c t e d ,  t h i s  
sub -a rea  h a s  t h e  l a r g e s t  v a l u e  f o r  b o t h  t h e  p r e d i c t e d  and  t h e  
o b s e r v e d  v a l u e s  f o r  p a t i e n t  f l ow.  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  t h i s  p o i n t  f a l l s  f a r  below t h e  r e g r e s s i o n  l i n e  when a c t u a l  
m i l e a g e s  are u s e d  ( i . e . ,  much less h o s p i t a l i z a t i o n  i s  o b s e r v e d  
t o  o c c u r  i n  t h i s  s u b - a r e a  t h a n  i s  p r e d i c t e d  by t h e  m o d e l ) ;  
however ,  when t h e  a d j u s t e d  v a l u e s  o f  m i l e a g e  a r e  u s e d ,  t h e  
p o i n t  f o r  C e n t r a l  Metro i s  c l o s e  t o  t h e  r e g r e s s i o n  l i n e  ( i . e . ,  
t h e  p r e d i c t e d  number o f  cases i n  t h e  C e n t r a l  Met ro  s u b - a r e a  
come c l o s e  t o  t h e  o b s e r v e d  v a l u e s ) .  
The u s e  o f  a d j u s t e d  m i l e a g e s  i n s t e a d  o f  a c t u a l  r o a d  m i l e a g e s  
i s  r e s p o n s i b l e  f o r  i n c r e a s i n g  t h e  v a l u e  o f  R2 i n  t h e  s l o p e  c a l i -  
b r a t i o n ,  y i e l d i n g  v a l u e s  a round  0 .95 .  The same t e n d e n c y  i s  n o t e d  
i n  t h e  maximum l i k e l i h o o d  c a l i b r a t i o n ,  a l t h o u g h  n o t  as l a r g e .  
An e x a m i n a t i o n  o f  t h e  changes  i n  t h e  v a l u e s  o f  B f o r  t h e  
v a r i o u s  c a l i b r a t i o n s  i s  a l s o  i n t e r e s t i n g .  Comparing r e s u l t s  o f  
t h e  c a l i b r a t i o n  f o r  a l l  p a t i e n t s  t r e a t e d  i n  M a s s a c h u s e t t s  t o  
t h e  c a l i b r a t i o n  o f  t h e  model f o r  j u s t  i n - s t a t e  p a t i e n t s  ( f rom 
T a b l e s  2 and  3 )  shows no d i f f e r e n c e  be tween c o r r e s p o n d i n g  v a l u e s  
o f  f3 f o r  s l o p e  c a l i b r a t i o n  b u t  does  show d i f f e r e n c e s  between 
a b o u t  0 .003  and  0 . 0 3  f o r  maximum l i k e l i h o o d .  
The 5  o u t - o f - s t a t e  o r i g i n s  are n o t  s u f f i c i e n t l y  d i f f e r e n t  
f rom t h e  23 i n - s t a t e  o r i g i n s  i n  t h e i r  y i e l d  o f  p a t i e n t s ,  rela- 
t i v e  t o  t h e i r  d i s t a n c e  from t h e  t r e a t m e n t  d e s t i n a t i o n s ,  t o  a f f e c t  
t h e  s l o p e  c a l i b r a t i o n .  However, t h e  s i t u a t i o n  i s  somewhat d i f -  
f e r e n t  when u s i n g  maximum l i k e l i h o o d ,  b e c a u s e  it i s  b a s e d  on 
t h e  a v e r a g e  m i l e a g e  t r a v e l e d .  The 5  o u t - o f - s t a t e  o r i g i n s  add 
a b o u t  two m i l e s  (a  b i t  o v e r  20 p e r c e n t )  t o  t h e  a v e r a g e  d i s t a n c e  
c a l c u l a t e d  f o r  i n - s t a t e  and  a l l  p a t i e n t s  c a t e g o r i e s  i n  t h i s  
method. 
The d i f f e r e n c e s  i n  t h e  v a l u e s  o f  B and  R' f o r  e a c h  c a t e g o r y  
o f  c a r e  a r e  a l s o  o f  i n t e r e s t .  Both T a b l e s  2  and 3  show t h a t  
t h e  v a l u e s  f o r  m e d i c a l - s u r g i c a l  p a t i e n t s  and  t h e  v a l u e s  f o r  
t o t a l  o f  a l l  p a t i e n t s  a r e  v e r y  s i m i l a r  ( o f t e n  i d e n t i c a l ) .  T h i s  
i s  b e c a u s e  a  b r o a d  d e f i n i t i o n  was used  f o r  t h e  m e d i c a l - s u r g i c a l  
c a t e g o r y ,  and t h e r e b y  c o n s i s t s  o f  a b o u t  7 5  p e r c e n t  o f  t h e  t o t a l .  
On t h e  o t h e r  hand,  r e s t r i c t e d  d e f i n i t i 0 n . s  were used  f o r  o b s t e t r i c ,  
p e d i a t r i c ,  and p s y c h i a t r i c  p a t i e n t s  (who were d i s c h a r g e d  from 
a c u t e  g e n e r a l  h o s p i t a l s ) ;  t h e r e f o r e ,  t h e  number o f  p a t i e n t s  i n  
t h e s e  c a t e g o r i e s  i s  much s m a l l e r .  The model f i t s  t h e  p a t t e r n  
o f  p a t i e n t  f low f o r  p e d i a t r i c  p a t i e n t s  w i t h  t h e  l o w e s t  v a l u e  o f  
B ,  w h i l e  p s y c h i a t r i c  and o b s t e t r i c  c a t e g o r i e s  have  h i g h e r  v a l u e s  
t h a t  a r e  a p p r o x i m a t e l y  e q u a l .  Although t h e  r e s u l t s  from t h e  
s l o p e  c a l i b r a t i o n  a r e  un i fo rmly  h i g h e r  t h a n  t h e  v a l u e s  o b t a i n e d  
from maximum l i k e l i h o o d ,  t h i s  same p a t t e r n  p e r s i s t s .  
Given t h e  same a c c e s s i b i l i t y  c o s t  m a t r i x ,  a  h i g h e r  v a l u e  
of  B w i l l  produce  a  h i g h e r  v a l u e  f o r  t h e  d e t e r r e n c e  f a c t o r .  
S i n c e  t h e  v a l u e s  f o r  B a r e  h i g h e r  f o r  p s y c h i a t r i c  and o b s t e t r i c  
p a t i e n t s  t h a n  f o r  p e d i a t r i c  p a t i e n t s ,  t h i s  means t h a t  p a t i e n t s  
a r e  more l i k e l y  t o  s e e k  o b s t e t r i c  and p s y c h i a t r i c  c a r e  a t  a c u t e  
h o s p i t a l s  s i t e d  c l o s e  t o  home, and a r e  w i l l i n g  t o  t r a v e l  f u r t h e r  
f o r  p e d i a t r i c  c a r e .  The d i f f e r e n c e  i n  B must b e  i n t e r p r e t e d  
c a u t i o u s l y  b e c a u s e  it i s  i n  t h e  exponent  o f  t h e  d e t e r r e n c e  f a c t o r .  
5 . 2  D e t e r r e n c e  F a c t o r ,  A c c e s s i b i l i t y  C o s t s ,  and E r r o r  
The d i s c u s s i o n  o f  t h e  d e t e r r e n c e  f a c t o r  h a s  been  based  on  
a c c e s s i b i l i t y  c o s t s  measured i n  t e rms  o f  m i l e a g e s - a c t u a l  r o a d  
m i l e a g e s  i n  one c a s e ,  and  m i l e a g e s  a d j u s t e d  f o r  d r i v i n g  t i m e  
and d i f f i c u l t y  i n  t h e  o t h e r .  The d a t a  i n  T a b l e s  2 and 3 show 
s u b s t a n t i a l  d i f f e r e n c e s  between t h e  r e s u l t s  o f  u s i n g  b o t h  
measures ,  which s u g g e s t s  t h a t  c a l i b r a t i o n  is s e n s i t i v e  t o  t h e s e  
c h o i c e s ,  which i s  t o  b e  e x p e c t e d ,  s i n c e  t h e  a c c e s s i b i l i t y  c o s t  
a p p e a r s  a s  an  exponen t  i n  t h e  model. 
A more s y s t e m a t i c  s t u d y  of  d r i v i n g  t i m e  and d i f f i c u l t y  
s h o u l d  f u r t h e r  improve t h e  c a l i b r a t i o n ,  b u t  i n  view o f  t h e  
s e n s i t i v i t y  o f  t h e  model,  it would c a u s e  a t  l e a s t  a  s m a l l  
m o d i f i c a t i o n  i n  t h e  r e s u l t .  T h i s  s e n s i t i v i t y  i s  r e a s o n  t o  
look  c l o s e l y  n o t  o n l y  a t  t h e  measurement o f  d i s t a n c e ,  b u t  a l s o  
a t  t h e  mechanism o f  t h e  d e t e r r e n c e  i t s e l f .  
Geographic d i s t a n c e  i s  o f t e n  used i n  g r a v i t y  models because 
it i s  easy t o  measure and i s  an impor tan t  v a r i a b l e  i n  t h e  
process  of s e l e c t i n g  a  h o s p i t a l  (and i n  marketing i n  g e n e r a l ) .  
When one goes beyond t h e  i d e a  of j u s t  geographica l ly  def ined  
d i s t a n c e  concepts  f o r  a c c e s s i b i l i t y  c o s t s ,  t h e r e  i s  an oppor- 
t u n i t y  t o  f u r t h e r  r e f i n e  t h e  model. There i s  a  r i c h  l i t e r a t u r e  
on t h e  reasons  why p a t i e n t s  a r e  t r e a t e d  i n  p a r t i c u l a r  h o s p i t a l s ,  
and important  work based on f a c t o r s  such a s  p a t i e n t s '  r e l i g i o n  
o r  income e x i s t s  ( M o r r i l l  and Kelly 1 9 7 0 ) .  These a r e  used t o  
modify geographica l  d i s t a n c e  i n t o  a  new v a r i a b l e  c a l l e d  " s o c i a l  
d i s t a n c e "  t o  e x p l a i n  t h e  use  of i n d i v i d u a l  h o s p i t a l s  by p a r t i c u l a r  
popu la t ions .  Besides t h e  a d d i t i o n  of such explana tory  f a c t o r s  
a s  income and r e l i g i o n ,  i n v e s t i g a t o r s  have experimented wi th  
a  range of d i f f e r e n t  t ypes  of  func t ions  f o r  t h e  d e t e r r e n c e  fac-  
t o r s .  Shannon ( 1 9 6 9 ,  1975) examined f o u r  d e t e r r e n c e  f a c t o r s ,  
each based on an e x i s t i n g  medical  system wi th  s l i g h t l y  d i f f e r e n t  
c h a r a c t e r i s t i c s ,  and he was a b l e  t o  i d e n t i f y  t h e  form of t h e  
f u n c t i o n  f o r  each d i f f e r e n t  system. He a l s o  in t roduced  a  d e t e r -  
rence  f u n c t i o n  t h a t  con ta ined  t h e  product  of two exponen t i a l s ,  
which he suggested would combine t h e  c h a r a c t e r i s t i c s  of two 
of t h e  systems.  Mayhew and Taket  (1980) a l s o  i n v e s t i g a t e d  fou r  
d i f f e r e n t  func t ions  f o r  t h e  d e t e r r e n c e  f a c t o r  us ing  t h e  Grea te r  
London d a t a ,  and Mayhew (1982) suggested t h e  i n c l u s i o n  of a  
" p r e s t i g e "  f a c t o r  based on t h e  added a t t r a c t i v e n e s s  of c e r t a i n  
f a c i l i t i e s .  
The express ion  used h i t h e r t o  f o r  t h e  d e t e r r e n c e  f a c t o r ,  
f i j f  i s  a s  fo l lows:  
I f  c a l i b r a t i o n  e r r o r s  a r e  a t t r i b u t a b l e  t o  t h e  a c c e s s i b i l i t y  c o s t ,  
an e r r o r  term, E i j f  can be added t o  t h e  exponent s o  t h a t  t h e  
observed and p r e d i c t e d  flows match e x a c t l y  
With t h e  e r r o r  s t a t e d  e x p l i c i t l y  it can be c a l c u l a t e d  and 
analyzed;  however, be fo re  t h i s  can be done any a d d i t i o n a l  
in format ion  a v a i l a b l e  should a l s o  be inc luded  i n  t h e  a c c e s s i -  
b i l i t y  c o s t ;  f o r  example, p r e s t i g e  can be thought  o f  a s  a  f a c t o r  
t h a t  enhances t h e  a t t r a c t i v e n e s s  of c e r t a i n  d e s t i n a t i o n s .  From 
t h e  p o i n t  of  view of t h e  model, t h i s  p r e s t i g e  e f f e c t  would tend  
t o  reduce t h e  importance p a t i e n t s  a t t a c h e d  t o  t h e  d i s t a n c e  they  
t r a v e l  t o  some d e s t i n a t i o n s ;  i f  we c a l l  t h i s  f a c t o r  p  then  1 '  
t h e  d e t e r r e n c e  f a c t o r  cou ld  be r e w r i t t e n  a s :  
Fu r the r  re f inement  i s  ob ta ined  by adding a  term qi  f o r  any 
known e f f e c t s  r e l a t e d  t o  o r i g i n s  ( e . g . ,  socio-economic f a c t o r s )  
and a  term s i j  t h a t  i s  s e l e c t i v e  between o r i g i n s  and d e s t i n a -  
t i o n s .  P o s i t i v e  va lues  f o r  t h e s e  terms would i n d i c a t e  t h a t  t h e  
e f f e c t i v e  d i s t a n c e s  a r e  i n c r e a s e d ,  a s  i n  t h e  c a s e  above of 
a d j u s t e d  mileages  wi th  c i j ,  and nega t ive  va lues  would dec rease  
t h e  e f f e c t i v e  d i s t a n c e  a s  when p r e s t i g e  f a c t o r s  a r e  a c t i v e .  
I n  i t s  most e l a b o r a t e  form t h e  d e t e r r e n c e  f u n c t i o n  could be 
w r i t t e n  a s :  
where f  i j r  B ,  c i j  a r e  de f ined  a s  be fo re ,  and 
= e f f e c t s  known, by d e s t i n a t i o n  
qi = e f f e c t s  known, by o r i g i n  
s = e f f e c t s  known, s e l e c t i v e l y  by o r i g i n  and d e s t i n a -  
iJ t i o n  p a i r  
'i j = r e s i d u a l  e r r o r  
The c o m p l e t e  e x p r e s s i o n  f o r  t h e  d e t e r r e n c e  f a c t o r  i s  use-  
f u l  t o  h e l p  v i s u a l i z e  a l l  t h e  ways t h a t  i t  c a n  b e  e f f e c t e d ,  b u t  
when t h i s  c o m p l e t e  e x p r e s s i o n  i s  s u b s t i t u t e d  i n t o  t h e  model one  
t e r m  w i l l  d r o p  o u t .  I n  t h i s  d e s t i n a t i o n - c o n s t r a i n e d  model it 
i s  t h e  t e r m  p i ;  it d r o p s  o u t  b e c a u s e  t h e  d e t e r r e n c e  f a c t o r  
J 
a p p e a r s  i n  t h e  model t w i c e ,  once  d i r e c t l y  i n  t h e  model ,  and 
once  i n  t h e  e x p r e s s i o n  f o r  B, ,  which i s  c a l c u l a t e d  by a  s i n g l e  
J 
summation o v e r  i. ( I n  t h e  o r i g i n - c o n s t r a i n e d  c a s e  t h e  q  t e r m  i 
would d r o p  o u t ,  and  t h e  p  would b e  r e t a i n e d ,  by t h e  same j  
r e a s o n i n g . )  
I f  t h e  e s t i m a t e  o f  B i s  presumed t o  b e  r e l i a b l e ,  t h e  d i s -  
t r i b u t i o n  o f  t h e  r e s i d u a l  e r r o r  t e r m ,  E i j f  can  b e  o b t a i n e d  f o r  
any c a l i b r a t i o n  s i n c e  Fij ,  D W i t  c ( a n d  any o t h e r  t e r m s  j  i j  
b e i n g  u s e d  i n  t h e  a c c e s s i b i l i t y  c o s t )  a r e  known v a l u e s .  The 
model can  t h e n  be s o l v e d  i t e r a t i v e l y  f o r  t h e  v a l u e s  o f  E~~ 
a l t h o u g h  t h e  p r o c e s s  i s  c o m p l i c a t e d  by t h e  f a c t  t h a t  f i j  a p p e a r s  
t w i c e  i n  t h e  model .  I n d i r e c t  methods a r e  a v a i l a b l e  f o r  t h i s  
s o l u t i o n  (see Mayhew and T a k e t  1981 ) . 
RAMOS-~  i s  a  se t  of  n o n - l i n e a r  o p t i m i z i n g  models  w i t h  
l i n e a r  c o n s t r a i n t s ,  whereas  RAMOS e s t i m a t e s  T i j  g i v e n  d i f f e r e n t  
c o n f i g u r a t i o n s  o f  s u p p l y  a n d  demand. The RAMOS-I f i n d s  D j r  
t h e  c a s e l o a d  c a p a c i t y ,  f o r  e a c h  d e s t i n a t i o n  c o n s i s t e n t  w i t h  
t h e  r e s i d e n c e  p a t t e r n  o f  t h e  t o t a l  a v a i l a b i l i t y  o f  r e s o u r c e s  
and  t h e  e a s e  o f  t r a v e l  on t h e  r e g i o n .  
A number o f  d i f f e r e n t  c r i t e r i a  f o r  s e l e c t i n g  P have  been  j  
e x t e n s i v e l y  t e s t e d  (Mayhew and  L e o n a r d i  1981)  and a r e  c u r r e n t l y  
a v a i l a b l e .  One of  t h e s e ,  t h e  e q u i t y  c r i t e r i o n ,  u s e s  an  o b j e c -  
t i v e  f u n c t i o n  t h a t  a l l o c a t e s  r e s o u r c e s  s u c h  t h a t  t h e  r e l a t i v e  
n e e d s  i n  e a c h  a r e a  o f  r e s i d e n c e  a r e  s a t i s f i e d .  I f  t h i s  c r i t e r i o n  
w e r e  u n c o n s t r a i n e d  a  m a j o r i t y  o f  p a t i e n t s  would be  t r e a t e d  
l o c a l l y ,  p e r h a p s  c a l l i n g  f o r  a n  u n r e a l i s t i c  l e v e l  o f  c o n s t r u c -  
t i o n  of  new f a c i l i t i e s  i n  some a r e a s ,  and  e x c e s s i v e  e l i m i n a t i o n  
o r  r e d u c t i o n  i n  s i z e  o f  f a c i l i t i e s  i n  o t h e r s .  T h e r e f o r e ,  t h e  
model h a s  t h e  c a p a b i l i t y  o f  c o n s t r a i n i n g  t h e  s o l u t i o n  s o  a s  t o  
h o l d  t h e  amount o f  change  i n  any a r e a ,  a d d i t i o n  o r  e l i m i n a t i o n ,  
t o  any r a n g e  t h e  a n a l y s t  may f e e l  i s  d e s i r a b l e  o r  f e a s i b l e .  
The a b i l i t y  t o  u s e  v a r i a b l e  upper  and lower  bounds on t h e  amount 
o f  change a l s o  p e r m i t s  a n  i n v e s t i g a t i o n  o f  t h e  i m p l i c a t i o n s  o f  
what  can  b e  accompl i shed  i n  v a r i o u s  p l a n n i n g  p e r i o d s .  C o n t r o l  
o v e r  t h e  r a t e  o f  change  a l l o w s  t i m e  f o r  c o n f l i c t  between t h e  
o b j e c t i v e  used  by t h e  model and any o t h e r  o b j e c t i v e s  of  t h e  
h e a l t h  c a r e  s y s t e m ,  t o  become r e c o n c i l e d  as t h e  sys tem e v o l v e s .  
The r e s u l t s  o f  two r u n s  w i t h  t h e  RAMOS-I model a r e  shown 
i n  Tab le  4 .  The same 1 9 7 8  M a s s a c h u s e t t s  i n - p a t i e n t  d i s c h a r g e  
and p o p u l a t i o n  d a t a  a r e  used  a s  b e f o r e .  The a c c e s s i b i l i t y  c o s t s  
a r e  based  on a c t u a l  r o a d  m i l e a g e s ,  and t h e  v a l u e  o f  t h e  param- 
e t e r  B f o r  t h i s  d a t a  se t  as 0 . 1 6 .  (See  T a b l e  2 f o r  t h e  RAMOS 
c a l i b r a t i o n  f o r  t h i s  d a t a  se t . )  Both r u n s  u s e  no c o n s t r a i n t s  
on t h e  amount o f  i n c r e a s e  p e r m i t t e d  i n  t h e  f a c i l i t i e s  i n  any 
area s o  t h a t  areas h a v i n g  p a r t i c u l a r  s h o r t  f a l l s  c a n  be  iden-  
t i f i e d ;  t h e  f i r s t  r u n ,  however,  c o n s t r a i n s  t h e  r e d u c t i o n  i n  
r e s o u r c e s  a l l o c a t e d  t o  any one a r e a  t o  a n  a r b i t r a r y  v a l u e  o f  
1 0  p e r c e n t ,  and  t h e  second r u n  c o n s t r a i n s  it t o  25 p e r c e n t .  
The r e s u l t s  produced from t h e s e  two r u n s ,  shown i n  Tab le  4 ,  
a r e  i n t u i t i v e l y  r e a s o n a b l e ;  t h e y  show reduced  c a s e l o a d s  i n  
a r e a s  t h a t  a p p e a r  t o  be  o v e r s u p p l i e d  and i n c r e a s e d  c a s e l o a d s  
i n  t h o s e  t h a t  a r e  u n d e r s u p p l i e d .  The f i r s t  r u n ,  which c o n s t r a i n s  
t h e  s o l u t i o n  t o  t h e  e l i m i n a t i o n  o f  n o t  more t h a n  1 0  p e r c e n t  o f  
t h e  c a s e l o a d  c a p a c i t y  i n  any a r e a ,  showed t h a t  1 3  o f  t h e  23 
HSA sub- reg ions  were d e c r e a s e d  by t h e  f u l l  1 0  p e r c e n t  p e r m i t t e d ,  
3  more a r e a s  had t h e i r  c a s e l o a d  c a p a c i t i e s  d e c r e a s e d  by less 
t h a n  1 0  p e r c e n t ,  and  t h e  c a s e l o a d  c a p a c i t y  o f  7  a r e a s  were 
i n c r e a s e d .  The second r u n ,  c o n s t r a i n e d  t o  a  maximum d e c r e a s e  
o f  25 p e r c e n t  i n  any a r e a ,  showed t h a t  9 areas s h o u l d  have  t h e i r  
c a s e l o a d s  d e c r e a s e d  by t h e  f u l l  25 p e r c e n t ,  2 s h o u l d  be  d e c r e a s e d  
by l e s s  t h a n  25 p e r c e n t ,  and  11 zones s h o u l d  be  i n c r e a s e d  by 
some amount. I n t e r e s t i n g l y  enough, 5  o f  t h e  zones  t h a t  i n  t h e  
f i r s t  r u n  i n d i c a t e d  t h e y  s h o u l d  l o s e  r e s o u r c e s ,  have  t h e i r  
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a l l o c a t i o n s  i nc reased  i n  t h e  second run .  This i s  an a r t i f a c t  
of t h e  c o n s t r a i n t s  on change, and t h e  r i p p l e  e f f e c t  caused by 
t r a d i n g  o f f  a l l o c a t i o n s  between d i f f e r e n t  a r e a s .  When l a r g e  
changes a r e  pe rmi t t ed ,  t h e  a r e a s  t h a t  a r e  badly o u t  of  l i n e  
w i l l  have l a r g e  changes,  and t h o s e  a r e a s  t h a t  a r e  a t  very nea r ly  
t h e  r i g h t  l e v e l  w i l l  have l i t t l e  o r  no change. However, when 
c o n s t r a i n t s  a r e  t i g h t e n e d  and t h e  amount of changes pe rmi t t ed  
i s  l i m i t e d  t o  sma l l  va lues ,  t h o s e  a r e a s  t h a t  a r e  badly o u t  of 
l i n e  can on ly  be changed by smal l  v a l u e s ,  and t h e  remaining 
change must be  made up by r e - s h u f f l i n g  a l l o c a t i o n s  e lsewhere .  
6 .  CONCLUSIONS 
On t h e  b a s i s  of  t h i s  work t h r e e  gene ra l  conc lus ions  seem 
j u s t i f i e d :  
1 .  The 1 9 7 8  Massachusetts  d a t a  does f i t  t h e  RAMOS model, 
and c a l i b r a t i o n s  can be ob ta ined  with  good agreement 
between a c t u a l  and p r e d i c t e d  p a t i e n t  flow provided 
t h a t  t h e  a c t u a l  number of admissions t h a t  occur  i s  
used a s  t h e  case load  c a p a c i t i e s  (D. ) . 
3 
2 .  The c a l i b r a t i o n  of  t h e  RAMOS model shows t h a t  p a t i e n t s  
t end  t o  t r a v e l  f a r t h e r  f o r  p e d i a t r i c  c a r e  than f o r  
gene ra l  medica l - surg ica l  c a r e ,  and f u r t h e r  f o r  gene ra l  
medica l - surg ica l  c a r e  than  f o r  o b s t e t r i c  and ma te rn i ty  
c a r e .  This r e s u l t  i s  both  i n t u i t i v e  and g e n e r a l l y  
compat ible  wi th  e a r l i e r  work with  t h e  model i n  England. 
This  i n i t i a l  success  c a l i b r a t i n g  RAMOS with  t h e  Mas- 
s a c h u s e t t s  d a t a  shows t h a t  it i s  p o s s i b l e  t o  use  t h i s  
model w i th  t h e  market-or iented h e a l t h  system i n  t h e  
United S t a t e s .  However, t h e r e  i s  s t i l l  a  long way 
t o  go b e f o r e  RAMOS can be  cons idered  a  v a l i d  t o o l  f o r  
p lanning h e a l t h  and medical c a r e  d e l i v e r y  i n  Massa- 
c h u s e t t s .  The more immediate s t e p s  i n  t h e  process  
of t rans forming  t h i s  model i n t o  a  usab le  t o o l  a r e  
desc r ibed  i n  t h e  nex t  s e c t i o n .  
7. FUTURE RESEARCH 
There a r e  many avenues a long  which r e s e a r c h  cou ld  p roceed ,  
b u t  t h e  f i r s t  p r i o r i t y  must be  an  examinat ion o f  t h e  v a l i d i t y  
of RAMOS f o r  p r e d i c t i o n  u s ing  Massachuset ts  d a t a .  A second 
p o s s i b l e  e x t e n s i o n  of t h i s  work i s  t o  use  DRAMOS (Disaggrega ted  - 
Resource A l l o c a t i o n s  Model Over S p a c e ) ,  a  model t h a t  a t t e m p t s  
- - - - - 
t o  i n c o r p o r a t e  d i s a g g r e g a t i o n  i n t o  t h e  b a s i c  approach of  RAMOS 
by i n c l u d i n g  t h e  r e l a t i v e  e l a s t i c i t i e s  o f  v a r i o u s  c a r e  s p e c i a l -  
t i e s  a t  d i f f e r e n t  r e s o u r c e  l e v e l s  and t h e  average  s t a n d a r d s  o f  
t r e a t m e n t  r ece ived  (Mayhew 1981) .  These i s s u e s  a r e  b r i e f l y  
examined below. 
7.1 V a l i d i t y  o f  P r e d i c t i o n  
The p r e d i c t i v e  power o f  t h e  model cannot  be t e s t e d  u n t i l  
d a t a  from more t h a n  j u s t  t h e  c a l i b r a t i o n  y e a r  become a v a i l a b l e  
s o  t h a t  p r e d i c t i o n s  o f  t h e  model can be compared w i th  what 
a c t u a l l y  happens.  O r d i n a r i l y ,  t h e  t i m e  p e r i o d  f o r  t h i s  v a l i d a -  
t i o n  would be  g r e a t e r  t h a n  two y e a r s  i n  o r d e r  t o  p rov ide  an 
adequa te  t e s t  o f  t h e  model.* I n  t h e  c a s e  o f  Massachuse t t s  d a t a ,  
t h e  dependent  v a r i a b l e  T i j  can be analyzed u s ing  a  28 x 33 
m a t r i x .  The d i f f e r e n c e s  between t h e  p r e d i c t e d  v a l u e s  and a c t u a l  
v a l u e s  ob t a ined  two y e a r s  l a t e r  w i l l  c o n s i s t  of  6 4 4  e lements ,  
which can be ana lyzed  a s  an e r r o r  d i s t r i b u t i o n .  
For p l ann ing ,  any e r r o r s  i n  p r e d i c t i o n  w i l l  be a  f u n c t i o n  
both  o f  t h e  v a l i d i t y  of  t h e  model i t s e l f  and of t h e  a b i l i t y  o f  
t h e  a n a l y s t  t o  make a c c u r a t e  p r o j e c t i o n s  o f  t h e  c a s e l o a d  c a p a c i t y  
and t h e  p a t i e n t  g e n e r a t i n g  f a c t o r s .  These l a t t e r  would be 
d e r i v e d  from an a n a l y s i s  of  bed a v a i l a b i l i t y .  
Hea l th  p l a n n e r s  sometimes p r e f e r  a  g r e a t e r  degree  of  d i s -  
agg rega t i on  t h a n  has  been d i s c u s s e d  s o  f a r .  R e s u l t s  might be 
* I f  t h e  t ime  necessa ry  t o  p roces s  t h e  h o s p i t a l  d i s c h a r g e  d a t a  
and p r e p a r e  t h e  d a t a  e lements  i s  cons ide red ,  it i s  w e l l  t o  
r e a l i z e  t h a t  t h e  i n fo rma t ion  a v a i l a b l e  a t  t ime t l  may a l r e a d y  
be c l o s e  t o  one y e a r  o l d ,  s o  t h e  span between t h e  p e r i o d  
covered by t h e  d a t a  and t h e  p e r i o d  of p r e d i c t i o n  may be  two 
y e a r s  o r  more. 
d e s i r e d  i n  terms of s p e c i a l t y  groups,  age and s e x  c a t e g o r i e s ,  
r a c i a l  o r  r e l i g i o u s  c h a r a c t e r i s t i c s ,  and s o  f o r t h .  This  w i l l  
be up t o  t h e  a n a l y s t  and t h e  t ypes  of problems being s t u d i e d .  
However, it i s  recognized t h a t  t h e  g r e a t e r  t h e  degree  of d i s ag -  
g r e g a t i o n ,  t h e  g r e a t e r  t h e  p o s s i b l e  imprec i s ion  of t h e  pred ic -  
t i o n s .  Therefore ,  s e n s i t i v i t y  of t h e  model t o  changes i n  t h e  
b a s i c  d a t a  e lements  w i l l  a l s o  need t o  be c l o s e l y  checked be fo re  
t h e  model can be cons idered  a  v a l i d  p lanning  t o o l  f o r  r o u t i n e  
use .  
7 . 2  S u b s t i t u t a b i l i t y  of F a c i l i t i e s  
RAMOS i s  l i m i t e d  t o  a  s i n g l e  ca tegory  of p a t i e n t .  Here 
it was run s e p a r a t e l y  f o r  med ica l - su rg i ca l ,  p e d i a t r i c ,  o b s t e t r i c ,  
p s y c h i a t r i c ,  and a l l  c a t e g o r i e s  t o g e t h e r .  Hosp i t a l  f a c i l i t i e s  
f o r  t h e s e  t ypes  of  p a t i e n t s  a r e  g e n e r a l l y  kep t  s e p a r a t e ,  b u t  i n  
emergencies o r  du r ing  r e o r g a n i z a t i o n  t h e r e  i s  f l e x i b i l i t y ,  and 
p a t i e n t s  i n  one ca tegory  may use  f a c i l i t i e s  formerly  reserved  
f o r  ano the r .  DRAMOS was developed i n  o r d e r  t o  t a k e  account  of 
i n t e r a c t i o n s  between d i f f e r e n t  c a t e g o r i e s  of p a t i e n t s  and d i f -  
f  e r e n t  s t anda rds  of t r ea tmen t  (Mayhew 1 9 8  1 ) . 
I t  i n c o r p o r a t e s  t h e  e l a s t i c i t i e s  of c a t e g o r i e s  of p a t i e n t s  
r e l a t i v e  t o  r e sou rce  a v a i l a b i l i t y  i n t o  t h e  b a s i c  framework of 
t h e  RAMOS family  of models. The main ou tpu t  i s  a  p r e d i c t e d  
p a t i e n t  f low ma t r ix  [ T  ] t h a t  adds t h e  dimension of p a t i e n t  i j k  
ca tegory  k  t o  t h e  former dimensions of o r i g i n  and d e s t i n a t i o n ,  i 
and j .  I t  would be a s imple  ex tens ion  t o  i n c l u d e  d i f f e r e n t  
modes of c a r e  m ,  such a s  o u t - p a t i e n t s ,  i n  t h e  framework a s  we l l .  
With DRAMOS it would then  b e  p o s s i b l e  t o  ana lyze  t h e  i n t e r -  
r e l a t i o n s h i p s  between i n - p a t i e n t  and o u t - p a t i e n t  c a r e  f o r  
va r ious  popula t ions  de f ined  by ca tegory  of c a r e  ( o r  perhaps 
d i a g n o s i s ) ,  l o c a t i o n ,  method of payment, and s o  f o r t h .  
The c a l i b r a t i o n  and v a l i d a t i o n  of t h e  DRAMOS model i s  more 
complex than t h a t  of RAMOS, and t h e  d a t a  requirements  more 
exac t ing .  I f  d i f f e r e n t  modes of c a r e  a r e  cons idered ,  r e sea rch  
w i l l  need t o  i d e n t i f y  t h e  r e l a t i v e  d i f f e r e n c e s  i n  c o s t  between 
them, f o r  example, i n  t h e  ca se  of o u t - p a t i e n t  and i n - p a t i e n t  
c a r e .  I t  i s  a l s o  impor tan t  t o  examine whether o r  n o t  a c c e s s i -  
b i l i t y  c o s t s  need t o  be r ede f ined  f o r  each mode s e p a r a t e l y .  
Also,  i f  o u t - p a t i e n t  c a r e  i s  included i n  t h e  model, more r e s e a r c h  
w i l l  be needed t o  check t h e  s u i t a b i l i t y  of  t h e  p a t i e n t  genera- 
t i n g  f u n c t i o n s ,  W i .  There i s  a l s o  t h e  problem of t h e  determining 
s t a b i l i t y  of  t h e  b a s i c  v a r i a b l e s  ( h o s p i t a l i z a t i o n  r a t e s  and 
l eng ths  of s t a y )  f o r  each of t h e  d i saggrega ted  c a t e g o r i e s  of 
p a t i e n t s  i n  t h e  model. This i s s u e  i s  e a s i e r  t o  s tudy  wi th  each 
ca tegory  i n d i v i d u a l l y  be fo re  t h e  c a t e g o r i e s  a r e  cons idered  
i n t e r a c t i v e l y  i n  DRAMOS. 
For t h e s e  reasons  it i s  prudent  t o  postpone work on DRAMOS 
u n t i l  each ca t ego ry  of p a t i e n t  i s  c a l i b r a t e d  and v a l i d a t e d  
i n d i v i d u a l l y .  When t h i s  i s  complete,  however, t h e  i n s i g h t s  
o b t a i n a b l e  should be very u s e f u l  f o r  p lanning  because DRAMOS 
al lows f o r  t h e  examination of i s s u e s  beyond t h e  scope of RAMOS, 
such a s  t h e  i m p l i c a t i o n s  bo th  of t h e  choice  of mode and of t h e  
f l e x i b i l i t y  i n  t h e  use of  f a c i l i t i e s .  
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